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f54) Non-sintered nickel electrode for alkaline storage battery, alkaline storage battery including 
the same, and method for production of non-sintered nickel electrode for alkaline storage 
battery 

(57) In the non-sintered nickel electrode for an alka- 
line storage battery according to the invention, a yttrium 
metal powder and/or a yttrium compound powder has 
be n added to a particulate active material comprising 
composite particles each consisting of a nickel hydrox- 
ide core and a sodium-doped cobalt compound shell. 
Because the yttrium metal powder and/or yttrium com- 
pound powder inhibits the diffusion of cobalt into the 
nickel hydroxide core, the non-sintered nickel electrode 
of the invention exhibits a high utilization efficiency not 
only in an initial phased charge-discharge cycling but 
over a long time of use. Moreover, because the yttrium 
metal powder and/or yttrium compound powder 
enhances the oxygen overpotential. the non-sintered 
nickel electrode for an alkaline storage battery accord- 
ing to the invention shows very satisfactory charge char- 
acteristics particularly at high temperatures. 
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Description 

The present invention relates to a non-sintered nickel electrode for an alkaline storage battery and to an alkaline 
storage battery including said electrode. 

s As the positive electrode for certain secondary batteries such as a nickel-hydrogen storage battery or a nickel-cad- 

mium storage battery, a sintered nickel electrode fabricated by sintering a nickel powder onto a perforated steel sub- 
strate or the like and impregnating the resulting plaque with an active material (nickel hydroxide) is well known. 

To insure an increased impregnation with the active material for a sintered nickel electrode, it is necessary to 
employ a sintered substrate or plaque of increased porosity: However, since the inter-particle bond of sintered nickel is 

10 weak, increasing the porosity of the substrate increases the tendency for the nickel particles to be dislodged from the 
plaque. For practical purposes, therefore, the porosity of the sintered substrate cannot be increased beyond 80%, with 
the result that the sintered nickel electrode has the drawback that the impregnation amount of active material is limited. 
In addition, since the pore size of the sintered nickel is generally as small as 10 urn or less, impregnation of the plaque 
with the active material requires the time-consuming dip method which involves several immersion cycles. 

is For the above reasons, a non-sintered nickel electrode has been proposed lately. The non-sintered nickel electrode 
is fabricated by impregnating a high-porosity substrate (such as a foamed metal plated with an alkali-resistant metal) 
with a paste prepared by kneading an active material (nickel hydroxide) and a binder (such as an aqueous solution of 
methylcellulose) together. Since a high-porosity substrate (with a porosity of 95% or greater) can be used for the non- 
sintered nickel electrode, not only the impregnation amount of active material can be increased but the impregnation 
^ procedure is facilitated. 

However, when a high-porosity substrate is used for increasing the impregnation amount of active material in a non- 
sintered nickel electrode, the capacity of the substrate as a current collector deteriorates so that the utilization of active 
material, i.e. utilization efficiency, is decreased. Moreover, the non-sintered nickel electrode has the drawback that the 
utilization efficiency at high temperatures is low Thus, because of its low oxygen over-potential, the charging electric 

25 energy in charging is consumed not only in the oxidation reaction from nickel hydroxide to nickel oxyhydroxide but also 
in the oxygen generating reaction associated with decomposition of water (water in alkaline electrolyte). 

Therefore, in order to increase the utilization of active material, i.e. utilization efficiency, in a non-sintered nickel 
electrode, it has been proposed to use a powdery active material comprising composite particles each consisting of a 
nickel hydroxide core and a cobalt hydroxide [p-Co(OH) 2 or a-Co(OH) 2 ] shell or a powder comprising composite parti- 

30 cles each consisting of a nickel hydroxide core and a cobalt oxyhydroxide shell (JP-A-62-234867 and JP-A-3-78965). 
Moreover, for assuring a high utilization efficiency over a broad temperature range, it has been proposed to add cobalt 
metal, cobalt hydroxide, and a yttrium compound to nickel hydroxide powder (JP-A-5-28992). 

However, the investigations made by the inventors However, those prior art methods are hardly capable of provid- 
ing a non-sintered nickel electrode expressing a high utilization efficiency over a large number of charge-discharge 

35 cycles. 

Furthermore, for enhancing the oxygen overpotential of a non-sintered nickel electrode, a suggestion has been 
made to add to the active material nickel oxide a specified element (at least one element selected from the group con- 
sisting of Ca, Sr, Ba. Cu. Ag. and Y) in the form of a powder of its compound (e.g. Ca(OH) 2 . CaO. CaS, CaF 2 , Y 2 (C0 3 ) 3 . 
Y 2 0 3 , etc.) having a mean particle diameter not greater than one-half of the mean particle diameter of said nickel oxide 

ib— ' (JP-A-8-329937). The object of this technology is to increase the oxygen overpotential of the nickel electrode by adding 
a compound of such specified element to nickel oxide to thereby suppress the evolution of oxygen in charging. 

However, experimental reviews revealed that the above non-sintered nickel electrode also has the following 
aspects to be improved. Thus, said compound of specified element (e.g. Ca etc.) increases the oxygen overpotential in 
fact but is little effective in enhancing electrical conductivity. Thus, in order that the utilization efficiency may be 

45 increased, it is necessary to augment not only oxygen overpotential but also electrical conductivity. It is for this reason 
that in a working example of JP-A-8-329937 a cobalt powder and a cobalt hydroxide powder as well as a calcium sulfide 
(CaS) powder are added to a nickel hydroxide powder. However, if those three components are simultaneously added 
to nickel hydroxide, cobalt hydroxide cannot be precipitated in the area where CaS has already been adsorbed (the pre- 
cipitated cobalt hydroxide is oxidized in the charging process to p-CoOOH which renders the surface of particulate 

so nickel hydroxide electrically conductive), with the result that a uniformly conductive matrix cannot be formed on the pow- 
der surface. 

Therefore, the present invention has for its primary object to provide a non-sintered nickel electrode capable of 
expressing a high utilization efficiency not only in an initial phase of charge-discharge cycles but also over a long time 
and an alkaline storage battery including the same electrode It is another object of the present invention to provide a 
55 non-sintered nickel electrode capable of expressing a high active material utilization efficiency not only in an initial 
phase of charge-discharge cycles but also over a long time and having very satisfactory charging characteristics, par- 
ticularly at high temperatures, and an alkaline storage battery including said electrode. 

These objects have been achieved by a non-sintered nickel electrode for an alkaline storage battery (the electrode 
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will hereinafter be referred to sometimes as the electrode of the invention), wherein a yttrium metal powder and/or a 
yttrium compound powder has been added to a finely divided active material comprising compos.te parties each con- 
sisting of a nickel hydroxide core and a sodium-doped cobalt compound shell. 

Fig. i is a diagrammatic representation of the relationship of the sodium content of the sodium-doped cobalt com- 
pound with the utilization efficiency at the 10th cycle; 

Fig. 2 is a diagrammatic representation of the relationship of the temperature for heat treatment with the utilization 

efficiency at the 10th cycle; . 

Fig. 3 is a diagrammatic representation of the relationship of the level of addition of diyttrium tnox.de with the elec- 

io trode capacity at the 10th cycle; 

Fig. 4 is a diagrammatic representation of the relationship of the mean particle diameter of powdery diyttrium tnox- 
ide with the utilization efficiency at a charging temperature of 60°C; 

Fig. 5 is a diagrammatic representation of the relationship of the level of addition of powdery diyttrium tr.ox.de with 
the utilization efficiency at a charging temperature of 60°C; 
, 5 Fig. 6 is a diagrammatic representation of the relationship of the level of addition of powdery d.yttr.um tnox.de with 
the electrode capacity at the 10th cycle. 

The powdery active material for the electrode of the invention comprises composite particles each consisting of a 
nickel hydroxide core and a sodium-doped cobalt compound shell. By the formation of such a sodium-conta.n.ng sur- 
face layer, the surface conductivity of the powdery active material is remarkably enhanced. The term "powdery n.ckel 
hydroxide" as used herein means not only a powder made up exclusively of nickel hydroxide but also a solid solution 
powder available upon dissolution of at least one element selected from cobalt, zinc, cadmium, calc.um. manganese 
magnesium bismuth, aluminum, and yttrium in nickel hydroxide. By dissolving one or more of said elements .n n.ckel 
hydroxide to provide a solid solution, the swelling of the non-sintered nickel electrode in the charge process can be 

25 inh.brted.^^ ^ sur1ace , ayer comprised of a sodium-doped cobalt compound can be formed by adding an aqueous 
solution of sodium hydroxide to a powder comprising composite particles each consisting of a nickel hydroxde core 
and as formed on its surface, a cobalt metal layer or a cobalt compound layer such as a layer of cobalt hydroxide, cobalt 
monoxide or cobalt oxyhydroxide and subjecting the mixture to heat treatment in the presence of oxygen. 

A typical procedure for forming a cobalt hydroxide shell layer on the surface of a particulate nickel hydroxide core 
comprises adding said powdery nickel hydroxide to an aqueous solution of a salt of cobalt (such as an aqueous solution 
of cobalt sulfate) adding an alkaline aqueous solution (such as an aqueous solution ol sodium hydroxide) dropw.se 
thereto with stirring to adjust the system to about pH 1 1 . and further stirring the system for a predeterm.ned time while 
an alkaline aqueous solution is added dropwise when Ihe pH has dropped below said level so as to ma.nta.n the pH of 
the system at about 1 1 at all times to thereby cause cobalt hydroxide to be precipitated on the surface of the n.ckel 
hydroxide core The cobalt hydroxide surface layer can also be formed by the mechanical charging method which com- 
prises dry-mixing powdery nickel hydroxide with powdery cobalt hydroxide in an inert gas using a compression grinding 
mill If in the above mechanical charging method, powdery cobalt monoxide and powdery cobalt metal are used in heu 
of powdery cobalt hydroxide, the cobalt monoxide layer and the cobalt metal layer are respectively formed. The cobalt 
oxyhydroxide layer can be formed typically by forming a cobalt hydroxide layer on the surface of powdery n.ckel hydrox- 
ide and oxidizing the surface cobalt hydroxide layer with an aqueous solution of hydrogen peroxide preheated to about 
40° C 

The shell layer comprised of a sodium-doped cobalt compound can be formed by adding an aqueous solution of 
sodium hydroxide to a powder comprising composite particles each having a cobalt metal or cobalt compound surface 
layer and subjecting the mixture to heat treatment in the presence of oxygen. The mere add.t.on of an aqueous solution 
of sodium hydroxide does not provide a shell layer of a sodium-doped cobalt compound and the heat treatment in the 
presence of oxygen is essential. The preferred temperature for this heat treatment is 50-200°C. When the heat treat- 
ment is carried out at a temperature below 50°C. CoH0 2 of low electrical conductivity may precipitate in a large amount, 
while the heat treatment at a temperature over 200°C may lead to precipitation of a large amount of tncobalt tetraox.de 
(C03O4) which is also of low electrical conductivity. When the cobalt layer is a cobalt oxyhydroxide layer, no precipitation 
of CoH0 2 will take place even if the heat treatment is carried out at a low temperature below 50°C but the sodium dop- 
ing will not be easily accomplished. The duration of heat treatment depends on the quantity and concentration of the 
aqueous solution of sodium hydroxide used and the temperature of heat treatment, among other factors, but is gener- 
ally 0.5-10 hours. 

The sodium-doped cobalt compound that can be used for the formation of the shell layer includes sodium-doped 
cobalt hydroxide, sodium-doped cobalt oxyhydroxide. and a mixture thereof. The chemical structure of such a sod.um- 
doped cobalt compound is not sufficiently clear even to the inventors of the present invention but in view of its extremely 
high electrical conductivity, it is suspected to be not a simple mixture of the cobalt compound with sodium but a com- 
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pound having a special crystal structure such that sodium has been incorporated in the crystal of the cobalt compound. 

The preferred proportion of the sodium-doped cobalt compound shell with respect to nickel hydroxide is 1-10 
weight % as cobalt. If the proportion of the cobalt equivalent of the shell layer is less than 1 weight %. no sufficient 
improvement in electrical conductivity may be realized so that it is difficult to provide a non-sintered nickel electrode with 

5 a high utilization efficiency. On the other hand, if the proportion of cobalt exceeds 10 weight %. the packed density of 
active material may be lowered to reduce the specific capacity of the electrode. The preferred sodium content of the 
shell layer is 0.1 -10 weight %. If the sodium content deviates from this range, the electrical conductivity of the shell may 
decrease to make it difficult to provide a non-sintered nickel electrode with a sufficiently high utilization efficiency. 

In the electrode of the invention, a yttrium metal powder and/or a yttrium compound powder has been added to the 

10 powdery active material. Addition of a yttrium metal powder and/or a yttrium compound powder suppresses diffusion of 
sodium from the shell layer to the nickel hydroxide core of the particle and. at the same time, enhances the oxygen over- 
potential of the non-sintered nickel electrode. As to the yttrium compound powder, two or more kinds of compounds can 
be used where necessary. The yttrium compound includes diyttrium trioxide, yttrium carbonate, and yttrium fluoride. 
The preferred proportion of powdery yttrium metal and/or powdery yttrium compound relative to 100 parts by weight of 

is powdery active electrode material is 0.05-5 parts by weight. If the proportion of said powdery yttrium metal and/or pow- 
dery yttrium compound is less than 0.05 part by weight, the diffusion of cobalt from the shell layer into the nickel hydrox- 
ide core of the particle may not be effectively inhibited. The result will be a failure to provide a non-sintered nickel 
electrode capable of exhibiting a sufficiently high utilization efficiency over a long time of charge-discharge cycling and 
to effectively increase the oxygen overpotential, so that a non-sintered nickel electrode with satisfactory charging char- 

i^.acteristics, particularly at high temperatures, can hardly be provided. On the other hand, if said proportion is larger than 
5 parts by weight, the packed density of nickel hydroxide active material may be decreased to sacrifice the specific 
capacity of the electrode. 

To provide a non-sintered nickel electrode with satisfactory charging characteristics, particularly at high tempera- 
tures, the mean particle diameter of said powdery yttrium metal and powdery yttrium compound is preferably controlled 
25 within the range of 0.5-20 jim. If the mean partide diameter is less than 0.5 |im, secondary coagulation may take place. 
On the other hand, if it exceeds 20 jim, a uniform deposition on the surface of the active material particle can hardly be 
expected. As a consequence, the oxygen overpotential cannot be effectively increased in either case. 

Since a particulate material comprising composite particles each consisting of a nickel hydroxide core and a 
sodium-doped cobalt compound shell designed to increase the surface conductivity of the particle is used as the active 
30 material as described above, the electrode of the invention features a high utilization efficiency in an initial phase of 
charge-discharge cycling. Moreover, since the electrode of the invention includes a yttrium metal powder and/or a 
yttrium compound powder as added to the above particulate active material, the diffusion of cobalt from the shell into 
the nickel hydroxide core in cycling is suppressed and, in addition, the oxygen overpotential is so high that the charging 
electric energy is effectively consumed in the charge reaction, particularly at high temperatures. Therefore, the elec- 
ts trode of the invention insures a high utilization efficiency not only in an initial phase of cycling but over a long time of 
operation and, at the same time, exhibits very satisfactory charging characteristics, particularly at high temperatures. 

For reference, mere blending of a sodium-doped cobalt compound powder and a metallic yttrium powder and/or a 
yttrium compound powder with particulate nickel hydroxide does not provide a non-sintered nickel electrode with satis- 
factory characteristics comparable to those of the electrode of the invention. Thus, if a yttrium metal powder and/or a 
'yttrium compound powder is added without prior formation of a sodium-doped cobalt compound shell layer on the nickel 
hydroxide core, the electrical conductivity-imparting effect of the sodium-doped cobalt compound on the surface of the 
nickel hydroxide particle is compromised by the yttrium metal and/or yttrium compound. 

The non-sintered nickel electrode for an alkaline storage battery to which the present invention can be applied with 
advantage includes a paste type nickel electrode which is generally fabricated by coating an electrically conductive core 
45 element with a paste containing the active material and drying it, among others. The electrically conductive substrate 
element that can be used includes but is not limited to a foamed nickel element, a felt-like porous element of metal fiber, 
and a perforated metal. In addition, the present invention can be applied with advantage to the tubular nickel electrode 
comprising a tubular metallic conductor packed with an active material, a pocket type nickel electrode comprising a 
pocket-shaped metallic conductor packed with an active material, and a nickel electrode for a button battery which is 
so fabricated by compression-molding an active material and a screen-mesh metal conductor as a unit. The alkaline sec- 
ondary battery to which the present invention can be applied with advantage includes the nickel -hydrogen secondary 
battery (negative electrode: hydrogen-absorbing alloy electrode), nickel -cadmium secondary battery (negative elec- 
trode: cadmium electrode), and nickel-zinc secondary battery (negative electrode: zinc electrode), among other kinds 
of batt ries. 

55 The following examples are intended to describe the present invention in further detail and should by no means be 
construed as defining the scope of the invention. 
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Preliminary Experiment 1 

Cobalt hydroxide was mixed with a 5 weight % (wt %), 10 wt. %. 15 wt %. 25 wt. %, 35 wt. %. 40 wt. %. 45 wt %. 
or 50 wt % aqueous solution of sodium hydroxide in a weight ratio of 1 :10 and the mixture was heat-treated at 85°C for 
5 8 hours This product was rinsed with water and dried at 60°C to provide a sodium-doped cobalt compound. The 
sodium content of the thus-obtained sodium-doped cobalt compound as determined by atomic absorption analysis 
was, in the order mentioned for the concentration of sodium hydroxide solution, 0.05 wt. %, 0.1 wt. %, 0.5 wt. %. 1 wt. 
%, 5 wt. %. 10 wt. %, 12 wt. %, and 15 wt. %, respectively. 

w Preliminary Experiment 2 

Cobalt hydroxide was mixed with a 25 wt. % aqueous solution of sodium hydroxide in a weight ratio of 1 :10 and the 
mixture was heat-treated at 45°C, 50°C. 1 00°C, 1 50°C, 200°C, 220°C. or 250°C for 8 hours, then rinsed with water, and 
dried at 60°C to provide a sodium-doped cobalt compound. The sodium content of the thus-obtained sodium-doped 
is cobalt compound as determined by atomic absorption analysis was 0.05 wt. %. 1 wt. %, 1 wt. %, 1 wt %, 1 wt. %, 0.05 
wt. %. and 0.02 wt. %, respectively. 

Example 1 

Step 1 To 1 liter of an aqueous solution prepared by dissolving 13.1 g of cobalt sulfate in water was added 100 g 
of nickel hydroxide powder and after the mixture was adjusted to pH 1 1 with 1 M sodium hydroxide/H 2 0 solution 
under constant stirring, the reaction was carried out with stirring for 1 hour. When the pH had dropped somewhat, 
1 M sodium hydroxide solution was further added dropwise to maintain the mixture at pH 1 1. pH monitoring was 
carried out using a glass electrode (pH meter) equipped with an automatic temperature compensator. The precip- 
es itate was collected by filtration, rinsed with water, and dried in vacuo to provide a powdery product comprising com- 
posite particles each consisting of a nickel hydroxide core and a cobalt hydroxide shell layer. 
Step 2: The above powdery product was mixed with a 25% aqueous solution of sodium hydroxide in a weight ratio 
of 1 :10 and the mixture was heat-treated at 85°C for 8 hours, then rinsed with water, and dried at 65°C to provide 
a particulate active electrode material comprising composite particles each consisting of a nickel hydroxide core 
30 and a sodium-doped cobalt compound shell. The sodium content of the sodium-doped cobalt compound constitut- 
ing the shell layer is 1 wt. % (the estimated value based on results of Preliminary Experiment 1). 
Step 3: A paste was prepared by kneading 100 parts by weight of the above active material powder (mean particle 
diameter 10 urn), 3 parts by weight of powdery diyttrium trioxide (Y 2 0 3 ; mean particle diameter 1 *im), and, as a 
binder, 20 parts by weight of a 1 wt. % aqueous solution of methyicellulose. The water in the aqueous solution of 
35 methyicellulose functions as a dispersion medium for the powdery active material and powdery diyttrium trioxide. 
This paste was used to impregnate a porous foamed nickel (porosity 95%, mean pore diameter 200 urn) and. after 
drying, the impregnated foamed nickel was compression-molded to provide a non-sintered nickel electrode (elec- 
trode of the invention) a1 . The size of this electrode a1 of the invention was 70 mm long x 40 mm wide x 0.70 mm 
thick. This size was uniformly adopted for all the non-sintered nickel electrodes fabricated as mentioned hereinafter, 
Wi) too, so as to make the electrode volume constant. 

Step 4: The above electrode a1 of the invention (positive electrode), the conventional paste cadmium electrode 
(negative electrode) having a capacity of 1 .5 times the capacity of said positive electrode, a polyamide nonwoven 
fabric (separator), a 30 wt. % aqueous solution of potassium hydroxide (alkaline electrolyte), a metallic battery 
case, and a metallic lid were used to fabricate an AA size alkaline storage battery A1 (battery capacity: ca 1000 
45 mAh). The size of the cadminum electrode was 85 mm long x 40 mm wide x 0.35 mm thick. 

Ex a m ple 2 

Except that 1 part by weight of yttrium metal was used in lieu of 3 parts by weight of diyttrium trioxide in Step 3, the 
so procedure of Example 1 was otherwise repeated to fabricate a non-sintered nickel electrode (electrode of the invention) 
a2 and an alkaline storage battery A2. 

Example 3 

55 Except that 1 part by weight of yttrium carbonate was used in lieu of 3 parts by weight of diyttrium trioxide in Step 
3, the procedure of Example 1 was otherwise repeated to fabricate a non-sintered nickel electrode (electrode of the 
invention) a3 and an alkaline storage battery A3. 



EP 0 817 291 A2 



Example 4 

Except that 1 part by weight of yttrium fluoride was used in lieu of 3 parts by weight of diyttrium trioxide in Step 3, 
the procedure of Example 1 was otherwise repeated to fabricate a non-sintered nickel electrode (electrode of the inven- 
5 tion) a4 and an alkaline storage battery A4. 

Com parative Example 1 

Except that the finely divided powder comprising composite particles each consisting of a nickel hydroxide core and 
io a cobalt hydroxide shell as obtained in Step 1 of Example 1 was used as the powdery active material, the procedures 
of Steps 3 and 4 of Example 1 were otherwise repeated to provide a comparative electrode bl and an alkaline storage 
battery Bl. 

Comparative Example 2 

15 

The finely divided powder comprising composite particles each consisting of a nickel hydroxide core and a cobalt 
hydroxide shell as obtained in Step 1 of Example 1 was reacted with a 30 wt. % aqueous solution of hydrogen peroxide 
preheated at 40°C to oxidize the cobalt hydroxide to cobalt oxyhydroxide (p-CoOOH). Except that the thus-obtained 
powder comprising composite particles each consisting of a nickel hydroxide core and a cobalt oxyhydroxide shell was 
used as the powdery active material, the procedures of Steps 3 and 4 of Example 1 were otherwise repeated to provide 
a c mparative electrode b2 and an alkaline storage battery B2. 

Comparative Example 3 

25 Except that diyttrium trioxide was not added, the procedure of Example 1 was otherwise repeated to provide a com- 

parative electrode b3 and an alkaline storage battery B3. 

Comparative Example 4 

30 Except that diyttrium trioxide was not added, the procedure of Comparative Example 1 was otherwise repeated to 
provide a comparative electrode b4 and an alkaline storage battery B4. This battery was assembled in accordance with 
the method disclosed in JP-A-62-234867. 

Comparative Example 5 

35 

Except that diyttrium trioxide was not added, the procedure of Comparative Example 2 was otherwise repeated to 
provide a comparative electrode b5 and an alkaline storage battery B5, This battery was assembled by the method dis- 
closed in JP-A-3-78965. 

^^Comparative Example 5 

A paste was prepared by kneading 100 parts by weight of nickel hydroxide, 7 parts by weight of cobalt metal, 5 
parts by weight of cobalt hydroxide, 3 parts by weight of diyttrium trioxide (mean particle diameter 1 fim), and as a 
binder, 20 parts by weight of a 1 wt. % aqueous solution of methylcellulose. This paste was used to impregnate a 
45 porous foamed nickel (porosity 95%, mean pore diameter 200 urn) and, after drying, the impregnated foam was com- 
pression-molded to fabricate a comparative electrode b6. Then, except that this comparative electrode b6 was used as 
the positive electrode, the procedure of Step 4 of Example 1 was repeated to fabricate an alkaline secondary battery 
B6. This battery was assembled by the method disclosed in JP-A-5-28992. 

so The active material utili2ation efficiency of each non-sintered nickel electrode 

Each of the batteries fabricated in Examples 1-4 and Comparative Examples 1 -6 was subjected to a cycle test com- 
prising charging at 25°C and 0. 1 C to 160% and discharging at 25°C and 1 C to 1 .0 V as one cycle and the active mate- 
rial utilization efficiency values of the non-sintered nickel electrode in each battery at the 10th cycle and 200th cycle 
55 were determined. The active material utilization efficiency was calculated by means of the following formula. 

Utilization efficiency (%) = [the discharge capacity (mAh) at the 10th or 200th cycle]/[amount of 

nickel hydroxide (g) x 288 (mAh/g)] x 100 
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The results are shown in Table 1. It should be understood that the active material utilization efficiency values shown 
in Table 1 are relative values with the utilization efficiency of the electrode a1 of the invention being taken as 100. 



Table 1 
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As shown in Table 1. the active material utilization efficiency values of the electrodes a1-a4 of the invention at the 
10th and 200th cycles were invariably as high as 100 and 97. respectively. The utilization efficiency values of the com- 
parative electrodes b1-b6 at the 10th cycle and 2001h cycle were lower than the corresponding values of electrodes a V 
a4 of the invention. The utilization efficiency values of comparative electrodes b1 and b2 at the 10th cycle and 200 h 
cycle were somewhat lower than the corresponding values of electrodes a1-a4 of the invention and th.s .s probably 
because the cobalt compound constituting the shell layer does not contain sodium and. hence, fails to prov.de lor sat- 
isfactory electrical conductivity. Comparative electrodes b3-b5 were comparable to electrodes a 1-a4 of the 'nvention 
and comparative electrode b1 -b2 in the utilization efficiency at the 10th cycle but their utilization efficiency values at the 
200th cycle were considerably lower. This is probably because, in the absence of diyttrium triox.de, the cobalt in the 
shell layer diffuses into the nickel hydroxide core with the process of the charge-discharge cycle to decrease the elec- 
trical conductivity of the active material. The active material utilization efficiency values of comparative electrode b6 at 
the 10th and 200th cycles were both extremely low and this is probably because the electrical conductivity imparting 
effect of cobalt metal and cobalt hydroxide powders on the surface of the nickel hydroxide particle was antagonized by 
the yttrium metal and/or yttrium compound. 

Relationship nf the sodium content of the sndium-dop e d cobalt compound with utilization efficiency 

Except that a 5 wt %. 10 wt. %. 15 wt. %. 35 wt. %. 40 wt. %. 45 wt. %. or 50 wt. % aqueous solution of sodium 
hydroxide was used, the procedures of Steps 1 and 2 of Example 1 were otheiwise repeated to provide a particulate 
active material comprising composite particles each consisting of a nickel hydroxide core and a sod.um-doped cobalt 
compound shell. Then, except that those active material powders were used, the procedures of Steps 3 and 4 of Exam- 
ple 1 were otherwise repeated to fabricate non-sintered nickel electrodes and alkaline storage batteries. The sodium 
content of the sodium-doped cobalt compound constituting the shell layer is. in the order mentioned for the concentra- 
tion of sodium hydroxide used. 0.05 wt. %, 0.1 wt. %. 0.5 wt. %. 5 wt. %. 10 wt. %. 12 wt. %. or 15 wt. % (the estimated 
values based on results of Preliminary Experiment 1 ). 

Each of the above batteries was subjected to the cycle test under the conditions mentioned hereinbefore and the 
active material utilization efficiency values of the non-sintered nickel electrodes used in the respect.ve batteries at the 
10th charge-discharge cycle were determined. The results are shown in Fig. 1 Fig 1 is a diagrammatic representation 
of the relationship of sodium content, which is plotted on the abscissa, with the 10th cycle utilization efficiency, which is 
plotted on the ordinate. Fig 1 also shows the active material utilization efficiency of electrode al of the invention 
(sodium content: 1 wt. %) at the 10th cycle and the active material utilization efficiency values plotted on the ordinate 
are relative values with the utilization efficiency of electrode a1 of the invention being taken as 100. 

It is clear from Fig. 1 that for the purpose of providing a non-sintered nickel electrode with a high active material 
utilization efficiency, the sodium content of the sodium-doped cobalt compound is preferably within the range of 01-10 
weight %. 
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Relationship of the temperature for hea t treatment with utilization eff ictency 



Except that the heat treatment was carried out at 45°C, 50°C, 100°C, 150°C, 200°C. 220°C. or 250°C. the proce- 
dures of Steps 1 and 2 of Example 1 were otherwise repeated to provide a particulate active material comprising com- 

5 posite particles each consisting of a nickel hydroxide core and a sodium-doped cobalt compound shell. Then, using 
those active material powders, the procedures of Steps 3 and 4 of Example 1 were otherwise repeated to provide non- 
sintered nickel electrodes and alkaline storage batteries. The sodium content of the sodium-doped cobalt compound 
constituting the shell layer was. in the order mentioned for the temperature of heat treatment, 0.05 wt. %, 1 wt. %, 1 wt. 
%, 1 wt. %, 1 wt. %, 0.05 wt. %. or 0.02 wt. % (the estimated values based on results of Preliminary Experiment 2). 

io Each of the above batteries was subjected to a cycle test under the same conditions as mentioned hereinbefore 
and the active material utilization efficiency values of the electrodes used in the respective batteries at the 10th cycle 
were determined. The results are shown in Fig. 2. Fig. 2 is a diagrammatic representation of the relationship of the tem- 
perature (°C) for heat treatment as plotted on the abscissa with the utilization efficiency at the 10th cycle as plotted on 
the ordinate. Fig. 2 also shows the utilization efficiency of electrode a1 of the invention (temperature for heat treatment: 

is 85°C) at the 1 0th cycle and the utilization efficiency values plotted on the ordinate are relative values with the utilization 
efficiency of electrode a1 of the invention being taken as 100. 

It is clear from Fig. 2 that in order to provide a non-sintered nickel electrode with a high utilization efficiency, the 
heat treatment is preferably conducted at a temperature of 50-200°C. 

k-x Relationship of the level of addition of powdery yttrium metal or a powdery yttrium compo und with the utilization effi- 
ciency and capacit y of the electrode 

Except that the proportion of diyttrium trioxide for each 100 parts by weight of the finely divided active material was 
set at 0.03 part by weight, 0.05 part by weight. 0.1 part by weight, 1 part by weight, 1 part by weight, 5 parts by weight, 
25 7 parts by weight, or 10 parts by weight in Step 3 of Example 1 , the procedure of Example 1 was otherwise repeated 
to fabricate non-sintered nickel electrodes and alkaline storage batteries. 

(1 ) Relationship of the level of addition of powdery yttrium metal or a powdery yttrium compound with the utilization rate 
of the electrode 

30 

Each of the above batteries was subjected to a cycle test under the same conditions as mentioned hereinbefore 
and the utilization efficiency values of the non-sintered nickel electrodes used in the respective batteries at the 1 0th and 
200th cycles were determined. The results are shown in Table 2. Table 2 also shows the utilization efficiency values of 
electrode a1 of the invention (amount of diyttrium trioxide: 3 parts by weight) at the 10th and 200th cycles and the utili- 
35 zation efficiency values in Table 2 are relative values with the utilization efficiency of electrode a1 of the invention being 
taken as 100. 



Table 2 



Level of addition of Y 2 0 3 
to active material powder 
(parts by weight) 


Utilization efficiency at 
10th cycle 


Utilization efficiency at 
200th cycle 


0.03 


100 


87 


0.05 


100 


96 


- 0.1 


100 


96 


1 


100 


97 


3 


100 


97 


5 


100 


97 


7 


100 


96 


10 


100 


96 



55 

It can be seen from Table 2 that in order to provide a non-sintered nickel electrode with a high utilization efficiency, 
the level of addition of diyttrium trioxide relative to each 100 parts by weight of particulate active material is preferably 
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not less than 0.05 part by weight. 

(2) Relationship of the level of addition of powdery yttrium metal or a powdery yttrium compound with the capacity of 
the electrode 

Each of the batteries assembled as above was subjected to a cycle test under the same charge^scharge condi- 
tions as mentToned hereinbefore and the electrode capacities of the non-sintered nickel electrodes used ,n the re^ec- 
SttehesS the 10th cycle were determined. The results are shown in Fig. 3. Fig. 3 is a d,agrammat.c rep esentajon 
oHh^Sonship of the proportion of diyttrium trioxide (in parts by weight for each 100 parts by we,ght of the actve 
materiatowSer P otted oWthe abscissa with the electrode capacity at the 10th cycle as plotted on the ord.nate^F.g. 
3 a so sh^Se l(Tcyde capacity of electrode al of the invention (the proportion of diyttrium tnojade: 3 parts by 
wetht) an^he e.ectrode capaSy values on the ordinate are relative values with the capacty of electrode al of the 

^TZ bfc?ef fmm F^' that in order to provide a non-sintered nickel electrode with a .arge etectr^e capacity the 
level of a*^Snum trioxide is preferably not over 5 parts by weight for each 1 00 parts by we,ght of the part.cu- 

,3te fcan bTuTe'rstood from the results of analyses under (1 ) and (2) above that the level of addition .of diyltrium tri- 
oxide to each 100 parts by weight of finely divkied active materia, is preferably wrthm the range of 0.05-5 parts by 
weight. 

Prelimina ry Experiment 3 

Powderv cobalt hydroxide was mixed with a 25 wt. % aqueous solution of sodium hydroxide in a weight ratio of 1 :10 
and K^lTe was nealtreated at 80°C for 8 hours, then rinsed with water, and dried at 60°C to prov.de a sod.um- 
co^cor^nc ^ The sodium content of this sodium-doped cobalt compound was 1 wt. % as determ,ned by 
atomic absorption analysis. 



Example 5 

30 Fabrication nf the positi ve electrode 

To 1000 ml of an aqueous solution prepared by dissolving 13.1 g of V"^^^^^^^^ 
' powdery nickel hydroxide, followed by dropwise addition of 1 mol/liter aqueous sodium . n * dro " de t ^^^ 

To adjust the system to pH 1 1 . and the mixture was further stirred for 1 hour. Dunng th.s penod. the pH of the system 
35 was monitored with a glass electrode (pH meter) equipped with an automatic = temperature compe 

essary, an additional amount of aqueous sodium hydroxide solution was added dropw.se so as to ma.nta.n the system 

atP Th 1 e resuS^ecipitate was recovered by filtration, rinsed with water, and dried in vacuo at room temperature 
(abou^25»J) to provide a powder comprising composite particles each consisting of a nickel hydrox.de core and a 
coba^rox^.^ ^ ^ ^ ^ & ^ ^ % aqueous solution of sodium 

hydroxS in a weight ratio of 1 :10 and the mixture was heat-treated in the air at 80°C tor 8 hours. The heat-teated mix- 
ture was r nsed wrth water and dried at 65°C to provide a particulate active material compr.smg compos.te part.cles 
each cons stinl o" a nicKe. hydroxide core and a sodium-doped cobalt compound shell layer. The proportion of he sheH 
Tayer SaL to nickel hydroxide as determined by atomic absorption analysis was 5 wt. % as cobalt. As esfmated from 
the results of Preliminary Experiment 3. the sodium content of this shell layer is 1 wt. %. 

A piste was prepared by kneading 100 parts by weight of the above particulate active material mean particle 
diameter 10 am) 3 parts by weight of powdery diyttrium trioxide (Y 2 0 3 ) with a mean part.de diameter of 1 nm. and as 
S 20 p2s by weight of a 1 wt. % aqueous solution of methy.ce.lulose and this paste was used to impregnate a 
foamed nickel (porosity 95%; mean pore diameter 200 M m) and the impregnated foamed nickel was dried and compres- 
SnToktS tc IpTovide a non-sintered nickel e.ectrode (electrode of the invention: sized 70 mm long by 40 mm wide by 
0.70 mm thick) x 1. 



Assembly of the battery 

Using the above positive electrode, the known paste-type cadmium electrode having an electrochemical capacity 
of 1.5 times that of the positive electrode (negative electrode sized 85 mm long by 40 mm wide by 0.35 mm ttiick , a 
polyamide nonwoven fabric (separator), a 30 wt. % aqueous solution of potassium hydrox.de (alkahne electrolyte), a 
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metallic case, and a metallic lid, an AA size nickel-cadmium storage battery X1 was fabricated 
Comparative Example 7 

5 Except that the addition of powdery diyttrium trioxide to the powdery active material was omitted, the procedure of 

Example 5 was otherwise repeated to provide a non-sintered nickel electrode (comparative electrode) y1, and using 
this electrode, a nickel-cadmium storage battery Y1 was fabricated. 

Comparative Example 8 

10 

A paste was prepared by kneading 100 parts by weight of a nickel hydroxide active material powder (mean particle 
diameter 10 urn), 7 parts by weight of powdery cobalt, 5 parts by weight of powdery cobalt hydroxide, 1 part by weight 
of powdery diyttrium trioxide with a mean particle diameter of 1 um, and as a binder. 20 parts by weight of a 1 wt. % 
aqueous solution of methylcellulose and this paste was used to impregnate a foamed nickel (porosity 95%, mean pore 
is diameter 200 um). The impregnated foamed nickel was dried and compression molded to provide a non-sintered nickel 
electrode (comparative electrode) y2. Then, except that this non-sintered nickel electrode was used as the positive 
electrode, the procedure of Example 5 was otherwise repeated to fabricate a nickel -cadmium storage battery Y2. 

Utilization efficiency of the battery 

Each of the above nickel-cadmium storage batteries X1, Y1, and Y2 was subjected to a cycle test comprising 
charging to 1 60% at 25°C and 0. 1 C and discharging to 1 .0 V at 25°C and 1 C as one cycle and the utilization efficiency 
at the 10th cycle was determined. Then, each battery was charged to 160% at 60°C and 0.1 C and discharged to 1.0 
V at 25°C and 1 C and the utilization efficiency was determined. The active material utilization efficiency was calculated 
25 by means of the formula presented below. The results are shown in Table 3. The utilization efficiency values in Table 3 
are relative values with the 10th cycle utilization efficiency of nickel-cadmium storage battery XI at 1 C and 25°C being 
taken as 100. 

Utilization efficiency (%) = {discharge capacity (mAh)/[amount of nickel hydroxide (g) x 288 (mAh/g)]} x 100 

30 



Table 3 



Cell 


Utilization efficiency at a 


Utilization efficiency at a 




charge temperature of 


charge temperature of 




25°C 


60°C 


XI 


100 


70 


Yl 


100 


60 


Y2 


75 


30 



It is apparent from Table 3 that the nickel-cadmium storage battery X1 fabricated by using electrode x1 of the inven- 
45 tion as the positive electrode gave higher utilization efficiency values at both charging temperatures of 25°C and 60°C 
as compared with the nickel-cadmium storage batteries Y1 and Y2 fabricated by using comparative electrodes y1 and 
y2, respectively. The low utilization efficiency of the nickel -cadmium storage battery Yl fabricated using the electrode 
without addition of diyttrium trioxide to the active material powder at a charging temperature of 60°C is attributable to 
the fact that because of the low oxygen overpotential of the positive electrode, much of the charging current energy is 
so wasted in the oxygen generating reaction. On the other hand, the relatively low utilization efficiency of nickel-cadmium 
storage battery Y2 at a charging temperature of 25°C as compared with the utilization efficiency of nickel -cadmium stor- 
age battery X1 at the same charging temperature of 25°C is attributable to the fact that the electric conductivity-impart- 
ing effect of addition of cobalt metal and cobalt hydroxide powders is antagonized by the powdery diyttrium trioxide 
added for increasing the oxygen overpotential so that the formation of a uniform conductive matrix on the surface of the 
55 nickel hydroxide particle was inhibited. In the case of nickel-cadmium storage battery XI wherein powdery diyttrium tri- 
oxide had been added to the active material particles each comprising a nickel hydroxide core and an electrically con- 
ductive shell layer, the electrical conductivity was not sacrificed by the diyttrium trioxide added. 
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10 



15 



25 



Pnl3<i »nchi P pi thP mean pagMfi Hiameter of p o wdery di yttrium trioxid e added with utilization efficiency 

Except that diyttrium trioxide powders with mean particle diameters of 0.3 M m, 0.5 j,m. 1.0 M m. 5.0 urn. 10.0 M m 
15 0 um 20 0 M m 22.0 M m. or 25.0 M m. respectively, were added to the finely divided act.ve materia in the stage of 
fabrication of positive electrodes, the procedure of Example 5 was otherwise repeated to fabricate nickel-cadmium stor- 
age batteries D1-D8 respectively. Then, the 10th cycle utilization efficiency of each battery at a charging temperature 
of 60°C was determined by the same method as described hereinbefore. The results are shown in Fig. 4. F.g. 4 also 
shows the data for nickel-cadmium storage battery X1 Fig. 4 is a diagrammatic representation of the relationship of the 
mean particle diameter (um) of powdery diyttrium trioxide as plotted on the abscissa with utilization efficiency at a 
charqe temperature of 60°C as plotted on the ordinate. The utilization efficiency values on the ordinate are relative val- 
ues with the 10th charge-discharge cycle utilization efficiency of nickel-cadmium storage battery XI at 25°C being taken 

35 1 lite apparent from Fig. 4 that, at a charging temperature of 60°C. nickel-cadmium storage batteries X1 and D2-D6 
obtained by adding diyttrium trioxide with mean particle diameters from 0.5-20.0 M m to the active matenal powder 
showed remarkably higher utilization efficiency values than nickel-cadmium storage batteries D1. D7. and D8 which 
had been obtained by adding diyttrium trioxide powders outside the above mean particle diameter range to the active 
material powder. This fact indicates that in order to provide a non-sintered nickel electrode with a satisfactory charge 
characteristic at high temperatures, it is advantageous to add a diyttrium trioxide powder with a mean particle d.ameter 
from 0.5 to 20 0 M m to the active material powder. 

Roiatinnshin of the level nf addition of nowderv divttri ..m trioxide with utilization efficiency and electrode capacity 

Except that powdery diyttrium trioxide with a mean particle diameter of 1 .0 M m was added in the proportions of 0 .03 
part by weight. 0.05 part by weight. 0.5 part by weight. 1 .0 part by weight. 3.0 parts by weight. 5.0 parts by weight 6 0 
parts by weight and 8.0 parts by weight to each 1 00 parts by weight of active material powder in the stage of fabrication 
of positive electrodes, the procedure of Example 5 was otherwise repeated to fabricate nickel-cadmium storage batter- 
ies El -E7 respectively. Then, for each of those storage batteries, the 10th cycle utilization efficiency at a charging tem- 
perature of 60°C and the 10th cycle electrode capacity at a charging temperature of 25°C were determined by the same 
methods as described hereinbefore The results are shown in Fig. 5 and Fig. 6. respectively. Fig. 5 is a diagrammatic 
representation of the relationship of the proportion of powdery diyttrium trioxide relative to active matenal powder as 
plotted (parts by weight) on the abscissa with the utilization efficiency at a charging temperature of 60°C as plotted on 
the ordinate Fig 5 also shows the corresponding result with nickel-cadmium storage battery XI. The utilization effi- 
ciency values on the ordinate are relative values with the 10th cycle utilization efficiency of nickel-cadmium storage bat- 
tery X1 at a charging temperature of 25°C being taken as 100. Fig. 6 is a diagrammatic representation of the 
relationship of the proportion (parts by weight) of powdery diyttrium trioxide to each 100 parts by weight of act.ve mate- 
rial powder as plotted on the abscissa with the 10th cycle electrode capacity at a charging temperature of 25 C as plot- 
ted on the ordinate Fig. 6 also shows the result with nickel-cadmium storage battery X1 The electrode capacity values 
on the ordinate are relative values with the 10th cycle electrode capacity of nickel-cadm.um storage battery X1 at a 
charging temperature of 25 U C being taken as 100. „„- . w 

It is apparent from Fig. 5 that compared with n.ckel cadmium storage battery E1 obtained by adding 0.03 part by 
weight of powdery diyttrium trioxide to active material powder, nickel-cadmium storage batteries XI and E2-E7 obtained 
by adding 0 05 part by weight or more of powdery diyttnum trioxide to active material powder showed remarkably higher 
utilization efficiencies at a charging temperature of 60°C. This fact indicates that in order to provide a non-sintered nickel 
lectrode with a satisfactory charge characteristic at high temperatures, it is advantageous to add powdery diyttrium tri- 
oxide in a proportion of not less than 0.05 part by weight to each 100 parts by weight of active material powder. 

However it can be seen from Fig. 6 that addition of diyttrium trioxide in any proportion beyond 5 parts by weight to 
active material powder (nickel-cadmium storage batter.es E6 and E7) results in a decrease in the 10th cycle electrode 
capacity at a charging temperature of 25°C. The res'ults presented in Figs. 5 and 6 being taken together, rt can be seen 
that the preferred proportion of powdery diyttnum trioxide to each 100 parts by weight of active matenal powder is 0.05- 

so 5 parts by weight. . 

Though in the above examples, a monocomponent powder composed of nickel hydroxide only was used as the 
nickel hydroxide powder, it has been confirmed that results more or less as satisfactory as the results described above 
can be obtained by using solid solution powders in which at least one element selected from the group consisting of 
cobalt, zinc, cadmium, calcium, manganese, magnesium, bismuth, aluminum, and yttrium has been dissolved in nickel 

;s hydroxide. 

In accordance with the present invention, there is provided a non-sintered nickel electrode and an alkaline storage 
battery which are capable of exhibiting a high utilization efficiency not only in an initial phase of charge-discharge 
cycling but also over a long time. Particularly by using a yttrium metal powder and/or a yttrium compound powder within 
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a defined range of mean particle diameter, there can be provided a non-sintered nickel electrode for an alkaline storage 
battery and an alkaline storage battery which exhibit a high utilization efficiency not only in an initial phase of charge- 
discharge cycling but also over a long time and have very satisfactory charge characteristics particularly at high tem- 
peratures. 

5 

Claims 

1 . A non-sintered nickel electrode for an alkaline storage battery which comprises a particulate active material com- 
prising composite particles each consisting of a nickel hydroxide core and a sodium-doped cobalt compound shell 

io and a particulate yttrium metal and/or yttrium compound as added to said particulate active material. 

2. The non-sintered nickel electrode for an alkaline storage battery as claimed in Claim 1 wherein said nickel hydrox- 
ide core is a particulate solid solution comprising nickel hydroxide and, as dissolved therein, at least one element 
selected from cobalt, zinc, cadmium, calcium, manganese, magnesium, bismuth, aluminum and yttrium. 

15 

3. The non-sintered nickel electrode for an alkaline storage battery as claimed in Claim 1 or 2 wherein said sodium- 
doped cobalt compound is sodium-doped cobalt hydroxide or sodium-doped cobalt oxyhydroxide, or a mixture 
thereof. 

k-^'4. The non-sintered nickel electrode for an alkaline storage battery as claimed in any of claims 1 to 3 wherein said 
particulate yttrium compound is a powder of diyttrium trioxide, yttrium carbonate, or yttrium fluoride. 

The non-sintered nickel electrode for an alkaline storage battery as claimed in any of Claims 1 to 4 wherein said 
shell is a surface layer obtainable by adding an aqueous solution of sodium hydroxide to composite particles each 
consisting of a nickel hydroxide core and a cobalt metal or cobalt compound shell layer to produce a mixture and 
heat-treating the mixture in the presence of oxygen at a temperature of 50-200°C. 

6. The non-sintered nickel electrode for an alkaline storage battery as claimed in Claim 5, wherein said cobalt com- 
pound shell is a layer of cobalt hydroxide, cobalt monoxide, or cobalt oxyhydroxide. 

30 

7. The non-sintered nickel electrode for an alkaline storage battery as claimed in any of Claims 1 to 6 wherein the pro- 
portion of said sodium-doped cobalt compound shell, in terms of cobalt metal, is 1-10 weight % based on said 
nickel hydroxide core. 

35 8. The rion-sintered nickel electrode for an alkaline storage battery as claimed in any of Claims 1 to 7 wherein said 
sodium-doped cobalt compound contains 0.1 -10 weight % of sodium. 

9. The non-sintered nickel electrode for an alkaline storage battery as claimed in any of Claims 1 to 8 wherein the level 
of addition of said particulate yttrium metal and/or yttrium compound is 0.05-5 parts by weight for each 100 parts 
by weight of said particulate active material. 

10. The non-sintered nickel electrode for an alkaline storage battery as claimed in any of Claims 1 to 9 wherein the 
mean particle diameter of said particulate yttrium metal and/or yttrium compound is 0.5-20 \ivn. 

45 11. Th non-sintered nickel electrode for an alkaline storage battery as claimed in any of Claims 1 to 10, induing an 
electrically conductive substrate. 

12. The non-sintered nickel electrode for an alkaline storage battery as claimed in Claim 11 wherein said electrically 
conductive substrate is a foamed nickel, a felt-like porous element of metal fiber, or a perforated metal. 

50 

13. An alkaline storage battery including the non-sintered nickel electrode for an alkaline storage battery as claimed in 
any of Claims 1 through 12 as the positive electrode. 

14. The alkaline storage battery claimed in Claim 13. including a hydrogen -absorbing alloy electrode, a cadmium elec- 
55 trode or a zinc electrode as the negative electrode. 

1 5. A method of manufacturing a non-sintered nickel electrode for an alkaline storage battery which comprises adding 
an aqueous solution of sodium hydroxide to a powder comprising composite particles each consisting of a nickel 
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. ... a meta , she n layer or a cobalt compound shell layer to produce a mixture, heating 

SSo « electrically conductive substrate with said paste, and drying the coated substrate. 

The method of manufacturing a non-sintered nickel electrode for an alkaline storage battery as claimed lin Claim 15 
wheSS S£ sh'el. layer is a surface layer obtainable by dry-mixing particles of n-cke. hydrox.de and 
particles of cobalt metal in an inert gas. 

The method of manufacturing a non-sintered nickel electrode for an a.kaline storage battery as claimed in _Claiml 15 
1SS cobalt compound shell layer is a cobalt hydroxide layer obtainable by add,ng l-l^l^ 

hydroxide and particulate cobalt hydroxide in an inert gas. 
and particulate cobalt monoxide in an inert gas. 

ZZ on the i surface of particulate nickel hydroxide and oxidizing the cobalt hydrox.de layer. 



16 



17. 



18. 



13 



EP 0 817 291 A2 




;DOClD <EP 06172>tA2 t » 



14 



EP 0 817 291 A2 




EP 0 817 291 A2 



co 



vO 



0) 



CM 



in 
o 



8 



in 

C7> 



in 
co 



3 



16 



0 



EP 0 817 291 A2 




17 



* 4 

EP 0 817 291 A2 



« Q 



0) 

's 



to 



1X3 




M4 



oo 



1/5 



CO 



CO 



CVJ 
CO 



CO 











o 




03 








o u 








a 




O — - 












* d) 

^ w 








■H £ 




M O 




«P ex. 




e ^ 




D (0 








^ M 




4J a> 




















a> 




H-l > 




o 








c: u 




o <o 












*H O 
















cn 








O 0) 












0) >i 




> X* 




(1) 




H UJ£ 






a) m 




x: ^ 




h a, ^ 



Do09 



;oocio <EP O817291A2 i > 



18 



* 4 

EP 0 817 291 A2 



pa 



CO ^ 



CO 



CO 



CP XX 
O 

o u 

Cb 
Q) ^ 

•H M 
X 0) 

o *a 

•H £ 

n o 

4J CU 

o to 

4J 0) 

>, td 
a) 

M-4 > 

O -H 

c o 
o <o 

•H 

-l o 

CP 



rH 



O 0) 



0) >i 

> .a -7 

r-i W X 

X ID 0) 



CO 



cor 



03 



oo 



19 



CO 

< 

CM 
00 

o 

Q. 
LU 



(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 

EUROPEAN 




(88) Date of publication A3: 

26.04.2000 Bulletin 2000/17 

(43) Date of publication A2: 

07.01.1998 Bulletin 1998/02 

(21) Application number: 97110499.7 

(22) Date of filing: 26.06.1997 

(84) Designated Contracting States: 
DE Fl FR GB SE 

(30) Priority: 26.06.1996 JP 18658696 
21.02.1997 JP 5401697 

(71) Applicant: 

SANYO ELECTRIC Co., Ltd. 
Moriguchishi, Osaka 570 (JP) 

(72) Inventors: 

• Yano, Mutsumi 
Hirakata, Osaka, 573 (JP) 

• Nogaml, Mitsuzo 
Takatsuki, Osaka, 569 (JP) 

• Shinyama, Katsuhiko 
Higashiosaka, Osaka, 578 (JP) 



EP 0 817 291 A3 

PATENT APPLICATION 

(51) int. CI. 7 : H01M4/52, H01M4/32, 
H01M 10/30 



Satoguchi, Kousuke 
Tokushima, Tokushima, 770 (JP) 

• Tokuda, Mttsunori 
Higashisumiyoshi, Osaka, Osaka, 546 (JP) 

• Yonezu, Ikuo 
Hirakata, Osaka, 573 (JP) 

• Nishio, Koji 

Hirakata, Osaka, 573 (JP) 

• Inoue, Masao 

Otanicho, Tokushima, Tokushima, 770 (JP) 

• Fujitani, Shin 
Hirakata, Osaka, 573 (JP) 

(74) Representative: 

VOSSIUS & PARTNER 
Siebertstrasse 4 
81675 Munchen (DE) 



(54) 



Non-sintered nickel electrode for alkaline storage battery, alkaline storage battery Indudng 
the same, and method for production of non-sintered nickel electrode for alkal.ne storage 
battery 



(57) In the non-sintered nickel electrode for an alka- 
line storage battery according to the invention, a yttrium 
metal powder and/or a yttrium compound powder has 
been added to a particulate active material comprising 
composite particles each consisting of a nickel hydrox- 
ide core and a sodium<ioped cobalt compound shell. 
Because the yttrium metal powder and/or yttrium com- 
pound powder inhibits the diffusion of cobalt into the 
nickel hydroxide core, the non-sintered nickel electrode 
of the invention exhibits a high utilization efficiency not 
only in an initial phase of charge-discharge cycling but 
over a long time of use. Moreover, because the yttrium 
metal powder and/or yttrium compound powder 
enhances the oxygen over potential, the non-sintered 
nickel electrode for an alkaline storage battery accord- 
ing to the invention shows very satisfactory charge char- 
acteristics particularly at high temperatures. 
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